To determine chemical composition of essential oil and its antibacterial effects, E. camaldulensis Dehn, leaves were harvested from Caspian seashore and Ghalegardan regions in Mazandaran province of Iran and were dried. The essential oils were isolated by hydro-distillation and analyzed by GC-MS. Results showed that oxygenate to hydrocarbon compounds ratios (MO to MH and SO to SH) were higher in the essential oil of Ghalegardan sample. In Ghalegardan sample 37 compounds were identified. The major components of Ghalegardan were Eucalyptol (29.2%), α-Phellanderene (17.43%), α-Pinene (7.1%), Arommadenderene(allo) (5.75%), Terpineol-4-ol (4.92%). In Seashore sample 36 compounds were identified. The major components of Seashore were Eucalyptol (46.74%), Arommadenderene(allo) (12.1%), Terpineol-4-ol (7.6%), α-Pinene (6.35%). In antibacterial experiment, results showed that essential oil of both samples possessed antibacterial activity and it is more effective against Staphylococcus aureus than Escherichia coli. Also, antibacterial activity of Ghalegardan sample is slightly higher than Seashore sample one. In conclusion, antibacterial activity of the Eucalyptus camaldulensis essential oils suggested it's clinically useful potentials, although further studies are required.
Introduction
The Myrtaceae family is composed of at least 3,000 species in 130-150 genera, widely distributed in tropical and warm temperate regions of the world (Fuselli et al. 2010) . The River Red Gum (Eucalyptus camaldulensis Dehn.) is a tree of the genus Eucalyptus from Myrtaceae family. It is a plantation species in many parts of the world but is native to Australia where it is widespread especially beside inland water courses. It is named for a private estate garden near the Camaldoli monastery near Naples (Mehani and Ladjel 2011) . E. camaldulensis is a perennial, single-stemmed and medium sized to tall tree to 30 m height, although some authors record trees to 45 m (Brooker et al. 2002) .
Presently in the developing countries, synthetic drugs are not also expensive but are also adulterations and side effect. Therefore there is the need to searching for plants of medicinal value (Shariff 2001) .
Essential oils, derived from aromatic and medicinal plants have been reported to be active against Gram-positive and Gram-negative bacteria as well as against yeasts, fungi, and viruses. They are mixtures of different lipophilic and volatile substances, such as monoter-penes, sesquiterpenes (Reichling 1999) . The antimicrobial and antibacterial activities have been reported on the methanolic extract of these plants (Mehraban et al. 2005) . The essential oils of E. camaldulensis are used traditionally for the treatment of malaria and typhoid fever (Udeh et al. 2006 ).
The main aims of the present study were to evaluate essential oils composition and to evaluate antimicrobial activity of E. camaldulensis on the Staphylococcus aureus and Escherichia coli.
Materials and methods

Plant materials and extraction of essential oil
Leaves of E. camaldulemsis were collected from two sites which have different soil textures including Caspian-sea seashore and Ghalegardan heights in November 2011 from the Tonekabone region in the Mazandaran province of Iran. The specimens were botanically identified by Professor Serpoushan. The leaves were shade dried at room temperature then were ground and hydrodistilled (100 g) for 3 h using a Clevenger type apparatus.
Gas chromatography-mass spectrometry (GC-MS) analysis
The plant oils were injected into the Gas chromatography-mass spectrometry (GC-MS) system to determine the type of their constituents. An Agilent model 6890 GC interfaced to a 5973 mass selective detector was used for mass spectral identification of the components of the oils. HP-5MS capillary columns (30 m × 0.25 mm × 0.25 µm film thickness) were used for GC. GC-MS was performed using the following conditions: carrier gas, He; flow rate, 0.8 ml.min -1 ; injection volume, 1.0 µl; injection temperature, 300°C; oven temperature programmed from 50°C (5 min hold) to 240°C at 3°C.min -1 (3 min hold) and from 240°C to 300°C at 15°C.min -1 (5 min hold). In mass spectrometry electron-impact ionization was performed at electron energy of 70 eV. Components of the oils were identified from the GC retention time and MS fragmentation patterns by comparison with those of the National Institute of Standards and Technology (NIST) database library and with those of authentic compounds.
Preparing antibiogram discs
The antibiogram discs were started from the preparation of records including Whatman paper was cut into 6 mm white disc. After sterilizing in oven for 60 min at 140 °C, the discs were soaked with different amounts including 2.5, 5, 7.5, 10 and 20 µl of essential oils. Then they are placed in Petri-dishes where they suffered a drying before being placed on the culture medium (Mehani and Ladjel 2011) .
Preparation of microbial suspension
Microbial suspension is prepared by introducing pure colonies of Staphylococcus aureus and Escherichia coli to test tubes contained saline according Aromatogram method (De billerbeck et al. 2002) .
Inoculation and microbial sensitivity assay
The prepared microbial suspension was cast on the Muller Hinton agar. After distribution of microbial suspension on the entire surface of medium, the supernatant was discarded. The plates were left to dry for 15 min at 37 °C. The discs are prepared disposer to the surface of culture medium, pressing lightly with a sterile forceps. These dishes are incubated in an oven at 37 °C for 24 h. The diameter of inhibition zone around the 6 mm discs was used in the case of microbial sensitivity (Pibiri 2005) .
Minimum inhibitory concentration (MIC)
One ml of Mooler Hinton Berath culture was poured in 12 tubes in order to measure the MIC. All tubes were sterilized for 1 hour in autoclave. Different concentrations of essential oils were created by using varying proportions of DMSO as solvent and essential oils at final volume of 3 ml. Then 1 ml of the microbial suspension was added to each tube. Tubes were incubated at 37 °C for 24 h. MIC was appointed by the growth or non-growth of the bacterium in the tubes (Srinivasan et al. 2001) .
Results
In the leaf essential oil of E. camaldulensis which is collected from Caspian-sea seashore, 36 compounds were identified. The major components were Eucalyptol (46.74%) and Arommadenderene(allo) (12.1%), other compo-nents present in appreciable contents were: Terpineol-4-ol (7.6%), α-Pinene (6.35%), Spathulenol (3.53%), Globulol (2.55%), Cymene-8-ol (para) (1.84%) and Nalenone, 3, 5, 6, 7, 8, ,8a-dime (1.34%), Whereas 37 compounds were identified in samples which collected from Ghalegardan heights. The major components were Eucalyptol (29.2%) and α-Phellanderene (17.43%), other components were α-Pinene (7.1%), Arommadenderene(allo) (5.75%), Terpineol-4-ol (4.92%), Spathulenol (3.35%), β-santalol acetate(epi) (3.27%), Pinocarveol (2.84%), Globulo (2.31%) and γ-Terpinene (2.73%) (Table1 Results showed that the ratios of oxygenated to hydrocarbon compounds (monoterpene oxygenate to monoterpene hydrocarbon and sesquiterpene oxygenate to sesquiterpene hydrocarbon) were higher in Ghalegardan samples (Figure 2 ).
The zones of inhibition representing the antimicrobial activity of different amounts of essential oils of seashore and ghalegardan samples on Staphylococcus aureus and Escherichia coli after 24 h are presented in Table2. Results showed that the essential oil of both samples possessed antibacterial activity and it is more effective against S. aureus than E. coli. The results obtained of MIC experiment showed that minimum inhibitory concentration of the essential oils of Eucalyptus camaldulensis for two types of microorganisms was 8 μg ml -1 . The results were summarized in Table 3 .
Discussion
According to our results, the essential oils of E. camaldulensis which were collected from different regions showed slight differences in chemical composition. Also results obviously showed that the ratios of oxygenated to hydrocarbon compounds were higher in Ghalegardan sample (Figure 2 ). This possibly may be due to the fact that plants grown in different regions may exhibit differences in their chemical constituents. Scora (1973) reported that environmental factors such as geography, temperature, day length, nutrients, etc, were considered to play a key role in the chemical composition. These factors influence the plant's biosynthetic pathways and consequently the relative proportion of the main characteristic compounds (Scora 1973) .
The obtained results of antimicrobial assay and MIC experiments showed that the essential oils of two samples can strongly prevent the growth of S. aureus and E. coli. However it seems that antibacterial effects of Ghalegradan sample is more effective than Seashore one. Eucalyptol acts as a main substance of the Eucalyptus oil (Penfold and Willis 1961) . On the other hand α-pinene is present in the chemical compounds of two sample of Eucalyptus. It can be conclude that α-pinene and Eucalyptol both considered as the most important antimicrobial substance of the Eucalyptus oil (Pasi et al. 2001) . Similarly, some studies showed that Eucalyptus oil has widespread antimicrobial effects against different types of bacteria (Akin et al. 2010; Ghalem and Mohamed 2008; Sefidkon et al. 2007 ). There are some evidences implying that functional groups in plant materials such as alcohols, phenols, terpenes and ketones are associated with their antimicrobial characteristics (Braca et al. 2008; Mohammadreza 2008) .
